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(54) Optical device mounting board 



(57) An optical device mounting board includes 
electrodes for connecting optical devices. Said elec- 
trodes are mounted and divided on the surface of said 
optical device mounting. One or more printed circuit 

F I G.1 



boards having distribution lines and/or printed electronic 
elements for connecting said electrodes with each other 
are mounted on said optical device mounting board. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field of the Invention 

[0001] . The present invention relates to an optical 
device mounting board which mounts optical modules 
for transmitting and receiving optical communication 
signals. 

2. Description of the Prior Art 

[0002] Application fields of optical communication 
have been extended by virtue of the improvement and 
diversification of passive or active devices such as opti- 
cal fiber, semiconductor laser, light emitting diode, pho- 
todiode, optical switch, optical modulator, isolator, and 
optical wave guide. Recently, the research is extending 
particularly to hybrid optical integrated circuits wherein 
a plurality of optical devices or components such as 
laser diode, semiconductor optical amplifier, optical 
fiber, and optical waveguide are mounted on a single 
mounting board. 

[0003] At first, a conventional optical device mounting 
board is explained, referring to an example of an optical 
device mounting board including a semiconductor 
amplifier array module. The conventional optical device 
mounting board is shown in the plan view of Figure 5, 
while its cross sectional view is shown in Figure 6. 
[0004] The conventional optical device mounting 
board 110 as shown in Figures 5 and 6 comprises four 
channel semiconductor optical amplifier (SOA) array 
103, four input optical fibers 102a for the input of SOA 
array 103, four output optical fibers 104a for the output 
from SOA array 103, and silicon (Si) mounting substrate 
101 which mounts these optical devices or components. 
[0005] Fiber array 102 as shown in Figure 5 is com- 
posed of four input optical fibers 102a, while fiber array 
104 is composed of four output optical fibers 104a. Fur- 
ther, each edge 103a of SOA array 103 is connected 

. with the edge of optical fiber 102a, or 104a. Therefore, 
electrode 106 for SOA array 103 is extended from each 
side 1 03b of SOA array 1 03 on Si mounting substrate 
1 01 . Electrode 1 06 is connected with electrode pad 1 09 
which is positioned near the edge of Si mounting sub- 
strate 101. Further, electrode pad 109 is connected by 
using such means as bonding wires with electrode pads 
(not shown) for an external circuit (not shown). 
[0006] V-shaped groove 107 is provided on Si mount- 
ing substrate 101 to fix optical fibers 102a and 104a. 
Further square groove 105 is provided at the end of V- 
shaped groove 107 to bump the ends of optical fibers 
102a and 104a and adjust their optical axis. SOA array 

-103 -is fixed-by solder-bump 108 on Si mounting-sub- 
strate. 

[0007] According to the above-mentioned optical 
device mounting board 110, optical signals inputted into 



SOA array 103 through input optical fiber array 102 are 
amplified by SOA array 103, and outputted to the out- 
side through output fiber array 204. 
[0008] An integration of a plurality, of SOA array mod- 
5 ules as shown in Figures 5 and 6 is also known. Such a 
conventional integration is shown in the plan view of 
Figure 7. 

[0009] Optical device mounting board 209 as shown 
in Figure 7 comprises Si mounting substrate 201, input 

10 optical fiber array 202, SOA array 203, and output opti- 
cal fiber array 204. Optical device mounting board 209 
is similar to optical device mounting board 1 10. 
[001 0] The electrode connected with SOA array 203 is 
extracted from outer side 203a of SOA array 203. Con- 

15 cretely, outer electrode 206 is connected with electrode 
pad 208a positioned at the edge of Si mounting sub- 
strate 201 . Internal electrodes 207a, 207b and 207c are 
extracted from internal side 203b of SOA array 203, and 
connected with electrode pad 208b positioned at the 

20 edge of Si mounting substrate 201 . 

[001 1 ] Internal electrode 207a is divided from internal 
electrode 207b at square groove 205, while internal 
electrode 207b is divided from internal electrode 207c 
at V-shaped groove not shown in Figure 7. Therefore, 

25 internal electrodes 207a, 207b and 207c are connected 
with each other by connecting means such as bonding 
wires. 

[001 2] Another example of conventional optical device 
mounting board is shown in the plan view of Figure 8. 

30 [001 3] Optical device mounting board 309 as shown 
in Figure 8 includes 1 x 4 optical waveguide 302 instead 
of input optical fiber array 102 as shown in Figure 5 as 
the corresponding optical component for inputting an 
optical signal into SOA array 103. A plurality of 1 x 4 

35 optical waveguides 302 and SOA array modules are 
hybrid-integrated on Si mounting substrate 301 . 
[0014] Optical device mounting board 309 as shown 
in Figure 8 comprises Si mounting substrate 301 , 1 x 4 
optical waveguides 302 , SOA array 303, and output 

40 optical fiber array 304. Optical device mounting board 
309 is similar to optical device mounting boards 1 10 and 
209. 

[001 5] Internal electrode 307a is divided from internal 
electrode 307b at square groove- 305, while internal 
45 electrode 307b is divided from internal electrode 307c 
at V-shaped groove not shown in Figure 8. Therefore, 
internal electrodes 307a, 307b and 307c are connected 
with each other by connecting means such as bonding 
wires. 

so [0016] These conventional optical device mounting 
boards 1 10, 209 and 309 are high performance, com- 
pact and low cost hybrid optical integrated circuits, 
because a plurality of optical devices are mounted on a 
single substrate. 

55 -[001 7] -As explained above, the internal electrodes-are 
divided by the square grooves and V-shaped grooves, 
because there are provided one or more than one 
square grooves, V-shaped grooves, optical waveguides, 
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and semiconductor optical amplifiers, on the optical 
device mounting board. Therefore, the internal elec- 
trodes are connected with each other by connecting 
means such as bonding wires. 

[001 8] However, short circuits may occur between the s 
wires connecting the internal electrodes, and some 
wires may break. Thereby, the optical device mounting 
board loses its reliability. Further, the productivity of the 
board is lowered, because many wires must be bonded 
at the division points. 1° 

SUMMARY OF THE INVENTION 



whereby a high precision positioning is realized. 
BRIEF EXPLANATION OF THE DRAWINGS 
[0028] 



[0019] Therefore, an object of the present invention is 

to improve the reliability and productivity of an optical is 

device mounting board. 

[0020] In accordance with the present invention, there 
is provided an optical device mounting board, wherein 
extraction electrodes which are divided by square 
grooves or V-shaped grooves for optical fibers are con- 20 
nected by distribution lines formed on a printed circuit 
board which is mounted on the optical device mounting 
board. 

[0021] The reliability of the optical device mounting 
board of the present invention can be improved, 
because there is no danger of short circuit due to the 
contact of wires. This is one of the advantages, as com- 
pared to connect the divided extraction electrodes indi- 
vidually with bonding wires. The productivity of the 
optical device mounting board of the present invention 
can be improved, because all the distribution lines are 
simultaneously connected to ail the extraction elec- 
trodes in a single soldering step. 
[0022] Further, wiring design can be complied with 
high frequency signals, because micro strip lines can be 
formed on multiple layer printed circuit boards. 
[0023]. Further, high frequency signals can be handled 
with low noise and low cross talk by mounting electric 
devices on printed circuit boards wrth shorter wires. 
[0024] Also, the quality of high frequency signals is 
improved and the assembling steps of optical device 
mounting board is reduced by forming electric circuits 
on the printed circuit boards. 

[0025] Furthermore, the printed circuit boards can be 
mounted by solder bumps in spite of the presence of 45 
projecting objects on the optical device mounting board 
and thereby, the positioning steps for printed circuit 
boards can : be reduced. Also, optical devices and 
printed circuit boards can be simultaneously bonded to 
the optical device mounting board and thereby, the so 
assembling steps are reduced, when the same material 
is used for solder bump. 

[0026] Further, the assembling steps are simplified, 
when the ref low step for optical devices and the ref low 
_step ior printed circuit , boards are separated by using _55_ 
the different materials for solder bumps. 
[0027] Jn addition, when solder bumps are made by 
punching, the soldering character becomes uniform, 
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Figure 1 is a plan view of an optical device mount- 
ing board of the present invention. 
Rgure 2 is a cross sectional view of the optical 
device mounting board as shown in Figure 1 . 
Rgure 3 is a cross sectional view of a variation of 
the optical device mounting board as shown in Fig- 
ure 1 . 

Rgure 4 is a perspective illustration of another vari- 
ation of the optical device mounting board as 
shown in Figure 1 . 

Rgure 5 is a plan view of a conventional optical 
device mounting board. 

Rgure 6 is a cross sectional view of the conven- 
tional optical device mounting board as shown in 
Rgure 5. 

Rgure 7 is a plan view of a conventional optical 
device mounting board which comprises a plurality 
of semiconductor optical amplifier array modules as 
shown in Figures 5 and 6. 

Rgure 8 is a plan view of another conventional opti- 
cal device mounting board. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0029] Referring to the drawings, preferred embodi- 
ments of the present invention are explained. 
[0030] An optical device mounting board in an embod- 
iment of the present invention is shown in the plan view 
of Figure 1 . Further, its cross sectional view is shown in 
Figure 2. 

[0031] The components of. optical device mounting 
board 15 such as Si mounting substrate 1, input optical 
fiber array 2, input optical fiber 2a, semiconductor opti- 
cal amplifier array 3, output fiber array 6, output optical 
fiber 4a, square groove 5, outside electrode 6, internal 
electrodes 7a, 7b and 7c, solder bump 13, and V-shaped 
groove 14 are the same as those shown in Figures 7 
and 8. In the following, only the differences from the 
conventional board are explained. The distribution lines 
8a in a first printed circuit board 8 and the distribution 
lines 9a in a second printed circuit board 9 are shown by 
solid lines to distinguish them from internal electrodes 
7a and 7b, and input optical fiber 2a. 
[0032] On optical device mounting board 15 as shown 
in Figure 1, internal electrode 7a is connected through 
first printed circuit board 8 with internal electrode 7b 
which is divided by square groove 5. Here, first printed 
circuit board 8 has distribution lines 8a printed on a sub- 
strate such as g lass, or cera mics. First printed circuit 
board 8 bridging over square groove 6 is bonded on Si 
mounting substrate 1. The ends of distribution lines 8a 
are connected with internal' electrodes 7a and 7b by sol- 
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der bumps 12 as shown in Figure 2. 
[0033] Further, internal electrode 7b is connected 
through second printed circuit board 9 with internal 
electrode 7c which is divided by V-shaped groove 14 as 
shown in Figure 2. Second printed circuit board 9 also s 
has distribution lines 9a printed on a substrate such as 
glass, or ceramics. Second printed circuit board 9 bridg- 
ing over square groove 6 is bonded on Si mounting sub- 
strate 1 . The ends of distribution lines 9a are connected 
with internal electrodes 7b and 7c by solder bump 1 1 as 10 
shown in Figure 2. Here, V-shaped groove 14 is formed 
by using selective anisotropic etching of KOH. 
[0034] Thus, the internal electrodes divided by square 
groove 5 and V-shaped groove 14 are connected three- 
dimensionally connected with each other by positioning 15 
first printed circuit board 8 and second printed circuit 
board 9 both of which bridge over the divided portions. 
Thereby, the reliability of optical device mounting board 
15 is improved, because distribution lines 8a and 9a 
never contact with each other. Further the productivity 20 
of optical device mounting board 15 is improved, 
because a plurality of distribution lines 8a and 9a can be 
connected with a plurality of internal electrodes by using 
only one soldering step. 

[0035] The improvement of productivity and reduction 25 
of cost are expected more by using solder bumps rather 
than by using solder sheets or conductive resin. Further, 
printed circuit boards 8 and 9 can bridge over a project- 
ing object such as input optical fiber 2a, because the 
height of solder bumps 11 and 12 can be controlled so 30 
that printed circuit boards 8 and 9 is positioned at the 
height of, for example, 10 jim to 100 jim from the sur- 
face of Si mounting substrate. Furthermore, solder 
bumps 1t and 12 perform self alignment effect, when 
melting. Therefore, the positioning process becomes 35 
easier, because printed circuit boards 8 and 9 are 
mounted with the precision of ptm level after ref low con- 
nection, even when printed circuit boards 8 and 9 are 
positioned roughly on Si mounting substrate 1 . 
[0036] The reflow connection process becomes far 40 
more easier, if the material of solder bump 13 for con- 
necting semiconductor optical amplifier array 3 is the 
same as that of solder bumps 11 and 12. On the con- 
trary, the materials may be different to comply with a 
high accuracy of reflow connection for an optical device 45 
such as optical semiconductor amplifier array 3 and with 
a moderate accuracy of reflow connections for printed 
circuit boards 8 and 9. The fabrication process is simpli- 
fied by using different solders as mentioned above, 
although the fabrication steps are increased. Regard- so 
less of whether the material is the same or not, the pro, 
duction yield is improved, when optical devices to be 
mounted are increased in number. 
[0037] Solder bumps 11 , 1 2 and 1 3 may be fabricated 
—by punching-to assure the uniformity of bumps -which-is -55 - 
necessary for high accuracy positioning of the optical 
devices. The exchange of the bump materials is merely 
necessary in the punching method, while a plurality of 



steps such as vacuum processes, photolithographic 
processes and plating processes are required, if the 
punching method is not employed. 
[0038] Printed circuit boards 8 and 9 may be multi 
layer boards where each layer has distribution lines, 
whereby micro strip lines can be formed to comply with 
high frequency signals as well as to improve electric 
characteristics such as a cross talk between the distri- 
bution lines. 

[0039] A variation of optical device mounting board 1 5 
as shown in Figure 1 is illustrated in Figure 3. 
[0040] Second printed circuit board 27 mounted on 
optical device mounting board 33 is a multi layer board, 
on which electric devices 28 such as drivers and pream- 
plifiers to control optical devices are mounted. The com- 
ponents of optical device mounting board 33, such as Si 
mounting substrate 21, input optical fiber array (not 
shown), input optical fiber 22a, semiconductor optical 
amplifier array 23, output fiber array (not shown), output 
optical fiber 24a, square groove 25, first printed circuit 
board 26, solder bumps 29,30 and 32, and internal elec- 
trodes are the same as those shown in Figures 1 and 2. 
It becomes possible to handle high frequency signals 
with low noise and low cross talk, because the length of 
the distribution lines in optical device mounting board 33 
can be shortened by mounting electric device 28 on 
second printed circuit board 27. 
[0041] In place of electric devices 28 mentioned 
above, electric circuit such as LSI for controlling optical 
device may be unified with first printed circuit board, 
whereby the quality of high frequency signals can be 
improved. Further, the mounting steps of optical device 
mounting board 33 can be greatly reduced, because it is 
not necessary to locate electric devices at the periph- 
eral portion of the printed circuits, or the optical device 
mounting board, or any other board. 
[0042] Another variation of optical device mounting 
board 15 as shown in Figure 1 is illustrated in Figure 4. 
[0043] There are mounted on Si mounting substrate 
101 of optical device mounting board 51 as shown in 
Figure 4, four 4- channel semiconductor optical ampli- 
fier arrays 43 (SOA array 43), four input optical fibers 
42a for inputting optical signals into SOA array 43 and 
four output optical fibers 44a for transmitting optical sig- 
nals from SOA array 43. Input optical fiber array 42 is 
composed of four input optical fibers 42a, while output 
optical fiber array 44 is composed of four output optical 
fibers 44a. 

[0044] Further, there is provided, between each input 
optical fiber 42a and each SOA array 43, i x 4 Y branch 
optical waveguide 48 which divides the input optical sig- 
nal inputted from input optical fiber 42a into four optical 
signals. Further, there is provided, between each output 
optical fiber 44a and each SOA array 43, 16x4 optical 
multiplexing-waveguide 49-whichmultiplexes-the. optical 
signals outputted from each SOA array 43 and inputs 
the multiplexed optical signals into output optical fiber 
44a. On Si mounting substrate 41 , there is provided an 
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semiconductor optical amplifier array module including 
a hybrid integration of 4 x 4 optical, switch. 
[0045] The extraction electrodes which is to be con- 
nected with SOA array 43 are divided by square groove 
45 and Y branch optical waveguide 48 on optical device 
mounting board 51 . Therefore; the electrodes divided by 
square groove 45 are connected to distribution line chip 
47, and the electrodes divided by Y branch optical 
waveguide 48 are connected to printed circuit board 46. 
Distribution line chip 47 and printed circuit board 46 
bridging over the divided portions of square groove 45 
and Y branch optical waveguide 48 are bonded by the 
solder bumps (not shown) which are mounted on Si 
mounting substrate 41 to connect the ends of the distri- 
bution lines with the electrodes, as in case. of printed cir- 
cuit boards 8 and 9 as shown in Figures 1 and 2. 
[0046] Thus, the divided electrodes can be connected 
three - dimensionally by using distribution line chip and 
printed circuit board, also in case of optical waveguide 
as a component for transmitting optical signals. There- 
fore, the reliability and productivity of optical device 
mounting board 51 is improved, as in case of optical 
device mounting board 15 as shown in Figure 1 and 
optical device mounting board 33 as shown in Figure 3. 
[0047] Such a device as semiconductor laser may be 
mounted on the optical device mounting board, 
although only semiconductor optical amplifier, optical 
fiber and optical waveguide are exemplified. 
[0048] Also, arbitrary number of semiconductor optical 
amplifiers may be employed. 

[0049] Further, the printed circuit board may be pro- 
vided not only with distribution wires, but also with 
printed electronic parts such as resistors, capacitors 
and coils. Further, a plurality of printed circuit boards 
may be used. 

[0050] Further, in place of the printed circuit board, 
there may be provided one or more integrated circuit 
substrates which have terminals thereon for connecting 
above-mentioned electrodes with each other and have 
also integrated circuits thereon for controlling the optical 
devices. Furthermore, in place of the printed circuit 
board, there may also be provided one or more inte- 
grated circuit packages /which have pins for connecting 
above-mentioned electrodes with each other and have 
also integrated circuits therein for controlling the optical 
devices. 

[0051] Furthermore, various substrate material other 
than Si, glass, or ceramics may be employed. 
[0052] Although the present invention has been 
shown and described with respect to the best mode 
embodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and 
detail thereof may be made therein without departing 
from.the spirit and scope of the presentinvention. 



Claims 

1. An optical device mounting board which, includes 
electrodes for connecting optical devices, wherein: 

5 

said electrodes are mounted and divided on 
the surface of said optical device mounting 
board; and 

one or more printed circuit boards having distri- 
10 bution lines'and/or printed electronic elements 

for connecting said electrodes with each other 
are mounted on said optical device mounting 
board. 

15 2: The optical device mounting board according to 
claim 1 , wherein said printed circuit boards are mul- 
tiple layer board having a plurality of layers each of 
which has a plurality of distribution lines and/or 
printed electronic elements. 

20 

3. The optical device mounting board according to 
claim 1 , wherein electronic devices for controlling 
said optical devices are mounted on said printed 
circuit boards. 

25 

4. The optical device mounting board according to 
claim 1, wherein electronic circuits for controlling 
said optical devices are mounted on said printed 
circuit boards. 

30 . " 

5. The optical device mounting board according to 
claim 1, wherein said printed circuit boards are 
bonded with said optical device mounting board by 
solder bumps. 

35 

6. The optical device mounting board according to - 
claim .5, wherein optical devices are bonded with 
said optical device mounting board by using solder 
bumps of the same material as the material for said 

40 solder bumps for bonding said printed circuit 
boards and said optical device mounting board. 

7. The optical device mounting board according to 
claim 5, wherein optical devices are bonded with 

45 said optical device mounting board by using solder 
bumps of the melting point different from that of said 
solider bumps for bonding said printed circuit 
boards and said optical device mounting board. 

so 8. The optical device mounting board according to 
claim 5, wherein said solder bumps are manufac- 
tured by punching a board made of a material 
thereof. 

55 „9. An optical device mo u nti ng board wh ich jnclud.es 
electrodes for connecting optical devices, wherein: 

said electrodes are mounted and divided on 
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the surface of said optical device mounting 
board; and 

one or more integrated circuit substrates which 
have terminals thereon for connecting said 
electrodes with each other and have integrated s 
circuits thereon for controlling said optical 
devices. 

10. The optical device mounting board according to 
claim 9, wherein said integrated circuit substrates 10 
are bonded with said optical device mounting board 
by solder bumps. 



11. The optical device mounting board according to 
claim 10, wherein optical devices are bonded with 
said optical device mounting board by using solder 
bumps of the same material as the material for said 
solder burnps for bonding said integrated circuit 
substrates and said optical device mounting board. 

12. The optical device mounting board according to 
claim 1 0 , wherein optical devices are bonded with 
said optical device mounting board by using solder 
bumps of the melting point different from that of said 
solider bumps for bonding said integrated circuit 
substrates and said optical device mounting board. 

13. The optical device mounting board according to 
claim 10, wherein said solder bumps are manufac- 
tured by punching a board made of a material 
thereof. 
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18. 



bumps of the melting point different from that of said 
solider bumps for bonding said integrated circuit 
packages and said optical device mounting board. 

The optical device mounting board according to 
claim 15, wherein said solder bumps are manufac- 
tured by punching a board made of a material 
thereof. 



14. An optical device mounting board which includes 
electrodes for connecting optical devices, wherein: 

said electrodes are mounted and divided on 
the surface of said optical device mounting 
board; and 

one or more integrated circuit packages which 
have pins for connecting said electrodes with 
each other and have integrated circuits therein 
for controlling said optical devices. 

15. The optical device mounting board according to 
claim 14, wherein said integrated circuit packages 
are bonded with said optical device mounting board 
by solder bumps. 
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16. The optical device mounting board according to 
claim 15, wherein optical devices are bonded with so 
said optical device mounting board by using solder 
bumps of the same material as the material for said 
solder bumps for bonding said integrated circuit 
packages and said optical device mounting board. 

17. The optical device mounting board according to 
cfaim 15, wherein optical devices are bonded with 
said optical device mounting board by using solder 
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